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ABSTRACT 

IVesented  are  reaults  of  an  eapertaental  Inreotigatlon  of  the  pOastio 
reapnoae  of  two  geonetrlcally  scaled  nsodela  of  nucleai  reactor  outer  caitaia- 
aent  vessels  to  Internal  blast  loading.  Tests  were  perforaed  to  study  the 
ability  of  the  contaimaent  shells  to  aaistaln  integrity  when  subjected  to 
large  amounts  of  explosively  released  energy  idisi  uns'.^ported  (aospended  in 
air),  uben  half -buried  in  the  groimd,  and  when  balf-iabedded  in  concrete. 

!Rie  results  show  that  the  vessels  tested  will  withstand  a  relatively  large 
amount  of  explosively  released  energy,  as  cosgared  to  the  "aazlaus  credible 
Incident’'  expected,  provided  that  the  welds  are  adet^uaie  and  that  access  or 
other  openings  are  properly  reinforced. 
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Biese  labozwtories  have  beea  coodueting  tot  the  Atonic  Snergjr  Comiastoa. 

studies  is  safety  at  outer  eoatalamBt  structures  for  mieluar  reactors.  IChe 

studies  bmre  been  both  analytical^* **  and  experinental  vith  particular  eapiiae..j 

being  placed  on  the  response  of  steel  shells  of  various  geoentries  to  internal 

2 

blast  loading.  An  earlier  report  gives  results  ot  scale  aodel  tests  of  the 
cooteixsaent  structures  with  explosives  or  propellants  being  used  to  slaulate 
the  scaled  dow  energy  releases  fron  nuclear  accidents.  Besults  were  presented 
for  the  elastic  response  phase  of  the  test,  including  the  effects  of  partial 
earth  stq^poit  and  a  eoaparison  of  rttponse  to  transient  intenal  pressures 
vith  strains  developed  under  static  internal  pressure.  One  of  the  objectives 
of  those  studies  vas  the  verification  cf  the  scaling  of  the  response  of  the 
shells  to  internal  blast  loading. 

In  those  s^idies  the  structural  r^ponse  scaling  law  vas  verified  for  the 
elastic  range,  further,  detenstnations  were  aade  of  the  aagnitudes  of  the 
dyaaaic  strains  generated  on  the  shell  surface  for  a  given  energy  release  within 
the  shell. 

Because  a  contaiaKnt  shell  need  only  renain  intact  to  perfona  its  function, 
it  raa  be  allowed  to  defora  plastically  under  transimt  pressure  loading.  Thus, 
studies  of  the  response  in  the  plastic  range  are  desirable.  The  present  vorh 
is  a  caotinuaticn  of  the  early  vtudies  into  the  plastic  range  ana  ctxuxludos 
the  experiaental  phase  of  the  investigations. 

To  verify  further  the  structural  respcr-w  scaling  laws.  Saber  et  had 
perforaed  a  series  of  ocperiaKits  on  the  response  ol  scaled  eantUevor  beaas 
to  blast  loading  froa  explosive  charges  detonated  in  air.  The  results  of 
those  experiaents  also  verified  scaling  of  the  response  for  both  the  elastic 
and  plastic  ranges  for  these  siqple  structures  shen  subjected  to  blast  loading. 


*  &qperseript  nualwrs  denote  references  listed  at  end  of  report. 

**  The  geoBStrical  sealing  lav  (siiJ  lerity  yittaelpLe)  stctes  that  the  tiae 
historUa  of  dlsp^aTiewnt  and  strain  of  a  fuU'Scale  aodel  resulting  fron 
rapid  releasa  of  taergf  fron  an  energy  source  can  be  predicted  troa  aeastzK- 
aents  of  theae  parsneterw  in  a  scale  aodel  of  the  structure,  provided  that 
seaUag  factor  la  i^pllad  properly.  A  thorough  diseuseioa  et  tbs  aodel 
lass  is  given  in  Bi^eeeaee  3. 


HcMerer,  it  is  desired  (iiT  possible)  to  test  pJastic  respoue  scaling  of  tbe 
larger  (and  aore  eoa^lex)  eoBtaiaaeixt  abell  gejaatrlea,  as  well  as  to  deternine 
the  ultiaate  strength  of  the  Models  jader  blast  loading. 

maxnncM  or  waa.  amsa 

The  cootalnaeat  shell  aodels  used  in  both  tbe  elastic  and  plastic  response 
tests  were  all  cylinders  with  beedspherlcal  and  etft,  at  welded  construction, 
fabricated  fron  sheet  steel.  Figure  1  shows  tbe  aball  gaaewtry  and  principal 
diaensions  of  each  shell  in  the  series,  laeh  of  the  four  shells  is  a  ^oaetrl- 
cal  model  of  the  next  shell  scaled  by  a  factor  or  two.  Figure  2  is 

a  photograph  of  the  shells  as  used  in  one  series  of  tests. 

The  shells  were  all  shop  fabricated  eaceept  the  largest  one  (20-ft.  dia.), 
which  was  field  erected.  Speeifieatians  stipulated  that  all  units  were  to  be 
Made  from  the  saae  type  of  steel  (l.e.,  steels  banring  the  sane  elestlc  and 
plastic  properties).  Tbe  steel  used  in  their  fsbrlcation  ccnfoms  to  A3Qt 
specifications  for  TFpa  A-263  Srade  C.  the  shells  were  stress  relieved  in 

sccordsnce  with  procedures  outlined  in  Section  TUI  of  ASMS  code  for  unflred 

* 

pressure  vessels. 


SZFBBZMSBIAL  RUCBUB 

For  tbe  plastic  response  studies  only  dynaale  tests  were  conducted.  As 
in  the  earlier  (elastic  response)  studies  at  these  aodals,  tone  of  the  saaller 
shells  were  instruaented  with  externally  aounted  resistance  wire  strain  gages, 
SR-U,  tyfe  A-13,  mounted  at  twelve  locations.  Along  the  cylindrical  eent«r 
sectlms,  gages  were  positioned  to  asasure  bo^  longitudinal  and  circtafeiential 
strains.  Figure  3  shows  scbeamtlcally  the  strain  guge  locations. 

Tbe  shells  were  subjected  to  isteroal  traBsient  losding  from  properly 
scaled,  centrally  located  exgloaira  chargee  (see  Table  I  aad  i^ppendlx  A  for 
charge  weights  used)  and  strain-time  histories  were  aiasured  at  the  various 
ga^  positions.  The  charges  were  lowered  throutfi  tbe  saall  opening  at  the  top 
of  tbe  shell,  suspended  at  the  mi^olnt  or  below,  and  than  detonated.  The 


*  low  teaperature  stresa  relief  process,  as  develapad  )qr  liade,  was  used  where 
required  is  the  field  erected  veseel. 

**  Tbe  sesde  factor  is  two,  thus  tbe  eherge  wei^ts  Incraase  by  a  factor  of  2^ 
tar  tests  of  successive  sixes  of  shells. 
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i- GEOMETRY  AND  PRINCIML  OMMENSIONS  OF  SERIES 
OF  SCALED  CONTAINMCNT  SHELLS 


FIGUHF  2-  SERIES  OF  SCALED  CONTAINMENT  SHELLS 


r  snntrs 


« 


I 


Fl6.3-L0CAr(0N  OF  STRAIN  GAGES  ON  SHELL 


stain-tiiae  histories  were  recorded  with  a  high-frequency  response,  sixteen- 

channel,  cotanercial  recording  systan.  Seiall  spherical  charges  of  50/50 

* 

Psntolite  were  used,  the  charge  weights  being  increased  on  siKcessive  tests. 

Tests  were  performed  with  the  models  suspended  freely  in  air  by  means 
of  a  rope  sling  (Shell  Ho.  2),  with  the  modeJs  peirtially  supported  by  earth 
(Shell  Bos.  2  and  3),  and  with  the  model  (Shell  50.  2)  partially  embedded  in 
concrete.  The  charge  sizes  used  were  gradually  increased  until  failure  occ’orred. 

IHSTRUMBBtATIOH  ARD  Q«IA  BEEOCTIOK 

The  sixteen  channels  of  strain  gage  inforaatlon  were  azyllfied  by  d.c. 

«* 

amplifiers,  displayed  on  ei^t  dual-beam  cathode- ray  tubes,  and  recorded  on 
mowing  phctograj^c  paper.  Timing  marks  and  calibration  steps  are  aut<mstlcally 
lEqjressed  on  the  lijotographie  record.  Peak  strain  amplitudes  (wherever  they 
occurred  on  the  pressure-tiiae  trace)  were  read.  Coadjlned  calibration  and  read¬ 
ing  errors  in  neasureaent  of  strain  amplitiaies  are  estimated  to  be  ^  55f. 


TEST  RESUUrS 

The  test  results  are  summarized  in  Table  I,  ^diile  the  ro-und-ty-ro-und  data  are 
presented  in  the  Appendices.  Table  I  indicates  the  range  of  charge  weights 
used  and  location  of  charges  in  the  models.  Indicated  also  are  the  raaxlisum 
charge  ^eights  which  the  models  withstood  without  falling.  The  jaredlcted 
mexlmiiri  siwilatsd  energy  release  (expressed  in  megcuatt-seconds)  in  a  "full- 
scale"  model  (So- ft.  dia. }  shell  is  also  given. 


Of  the  four  origiml  models,  only  3hex.iS  uo.  c.  fiuvl  >  wert:  teifucu  ..n 
plastic  range.  Three  specimens  of  Shell  Bo.  2  ruptured  presaturely,  the  failure 
occurring  at  welded  Joints  (see  Figure  h).  These  models  were  instrumented  with 
strain  gages  irtiich  are  capeble  of  Indicating  strains  up  to  approxisately 
•nje  gages  were  used  primarily  to  indicate  the  point  at  >Wch  plastic  deformation 
began.  Acceptable  strain-time  histories  were  obtain®!  for  most  trials  and 


*  An  explosiv-  having  a  heat  of  detonation  of  1220  cal./gm.  (Beference 
DA  TJ©-1910), 

**  Having  a  frequency  response  ^lat  fross  0  to  100  KC. 


(before  failure  of  gage  leads)  for  some  trials  vhere  shell  failure  occurred. 

It  is  to  be  noted  that  because  of  the  preiaature  shell  failures  all  strains 

recorded  are  in  the  elastic  range.  Although  detailed  elastic  response  data 

2 

for  these  aodels  have  been  reported  ourlier,  che  present  data  are  retained  and 
relegated  to  the  Appendix.  After  replacing  all  original  velds  and  reinforcing 
the  access  hole  with  a  circular  ring  in  one  of  the  specisaens.  Shell  ]fo.  2 
withstood  successfully  the  blast  froa  a  series  of  explosive  charge  weights  up 
to  and  including  3  lbs.  Plastic  defoniatlaQ  of  this  oodel  was  apparent  after 
trial  6.  An  indication  of  the  extent  of  defonsation  can  be  seen  in  Figure  3* 

;rwo  siaall  vertical  cracks  tfere  observed  in  the  weld  at  the  Juncture  of  upper 
cap  and  cylindrical  section  after  det(»iation  of  a  3.^3-lh.  charge.  The  shell 
failed  when  tested  with  a  3.3^1h.  charge  (see  Figure  6). 

In  the  test  of  this  model  idiile  half-aid>edded  in  concrete  the  shell 
withstood  the  blast  from  charge  sizes  up  to  and  including  1-.1/2  lb.,  but 
failed  presat<irely  at  the  Jiuictiare  of  the  lower  cap  and  the  cylindrical 
section  from  a  2-^.  charge. 

The  larger  shell  (Shell  Ho.  3)»  tested  half-burled  in  earth,  withstood 
the  blast  loading  from  charge  sizes  up  to  and  Including  15  lbs.  without  deforsiing 
plastically.  The  shell  ruptured  when  tested  with  a  25-3/^  lb.  charge.  However, 
failure  here  was  ixiitlated  as  a  tearing  at  the  access  bole  and  is  not  Indlcati'.e 
of  the  true  vessel  strength.  The  only  visible  Indication  of  plastic  deforsiation 
ms  that  at  the  midpoint  (ground  Juncture).  Figures  7  through  9  are  photograidis 
taken  of  this  model  after  test.  On  request  from  the  Atoalc  Energy  Cocssisslon 
(because  nf  possible  further  use  is  ais:-dsstructivc  testing),  the  largest  (20-ft. 
dla.)  model  was  not  tested  in  the  plastic  range.  Bo  plastic  tests  were  performed 
with  the  smallest  model  (Shell  Bo.  1)  as  all  specimens  were  destroyed  in 
earlier  tests. 


DISCD5SI0H  ABD  COBElLaSIOBS 

Althouf^  misy  of  the  early  trials  with  the  smaller  models  were  hacqjered 
hy  premature  weld  failures,  successful  trials  were  achieved  with  caie  specimen 
after  it  had  been  rewelded.  The  failures  appeared  to  stea  in  part  tress,  incomplete 
fusloa  and  possibly  from  inadequate  annealing  after  welding.  The  relatively 
thin  material  of  the  smaller  nodeis  had  been  butt-welded  on  the  o’ater  surface. 
Fiorther,  Mie  cap  ccntld  be  welded  on  the  outside  ooiy,  since  installation  of  this 


FIBURE  5-  PLASTIC  OCFORMATON  OF  SHELL  NO.  2 


RGUftE  7- LEFT  VIEW  OF  SHELL.  NO  3  AFTEf?  1EST 


FIGURE  8-  RIGHT  VIEW  OF  SHELL  NO.  3  AFTER  TEST 
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cap  closed  the  shell.  This  difficulty  vas  not  experienced  with  the  larger 
vessel  because  of  better  accessibility  for  welding  of  the  interior  surfaces. 

Although  absolute  results  were  obtained  with  only  the  smaller  model 
(both  access  hole  reinforced  and  adequately  welded),  one  can  estimate  the 
charge  sizes  which  wouJd  be  required  to  cause  failure  of  the  larger  vessels. 

The  5- lb.  charge  which  Shell  No.  2  withstood  is  equivalent  to  2h  lbs.  in 
Shell  No.  3  and  192  lbs.  in  Shell  No.  k. 

As  can  be  seen  from  the  data  in  Table  I,  the  vessels  of  the  configuration 
tested  caa  withstand  a  large  ainount  of  explosively  released  energy  while 
maintaining  integrity. 

It  is  of  intere-*  to  note  that  the  model  sizes  were  chosen  such  that  the 
largest  shell  of  tne  series  (not  tested  in  plpstic  range)  is  a  l/4-scale 
iDOdel  of  that  of  the  Air  Force  N'lclear  Engineering  Test  Reactor.  As  can  be 
seen  in  Table  I,  the  shells  tested  withstood  many  times  the  "maximum  credible 
incident"  of  1000  Mw-Sec  postulated  for  this  reactor.  The  adequacy  of  the 
shells  is  more  convincing  when  it  is  remembered  that  test  results  from  explosives 
tend  to  be  "conservative",  that  is,  a  structure  ^ich  will  withstand  a  given 
amount  of  explosively  released  energy  will  withstand  many  times  the  same  amount 
of  energy  released  at  a  slower  rate.  One  must  be  assured,  of'  course,  that 
all  welds  are  at  least  as  strong  as  the  vessel  itself  aiid  that  access  or  other 
openings  are  properly  rei-nforced.  The  cumulative  effect  of  progressive  testing 
on  the  oltimate  shell  response  cannot  be  assessed,  but  It  is  believed  that  some 
degradation  is  inevitable. 

An  insufficient  number  of  tests  was  conducted  with  eccentrically  located 
charges  to  enable  one  to  caapare  results  with  central ly  placed  charges.  To 
test  rigorously  the  structural  response  scaling  law  for  the  piaistic  case,  many 
more  successful  trieils  would  have  been  required.  However,  as  stated  earlier. 


*  A  blast  effects  study  of  a  l/h-scale  model  of  this  reactor  was  conducted 
by  these  labor stories. 

It  is  recognized  that  the:re  are  exceptions  no  this  concept.  An  example 
would  be  the  case  where  the  pressure  generated  is  allowed  to  build  up  la 
an  enclosure  and  then  reieewed  (possibly  propelling  a  mass),  in  which  cece 
a  relatively  hi^tr  Impulse  would  be  obtained. 
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the  structural  it'sponse  scaling  laws  have  been  verified  with  these  models  for 
the  elastic  range,  and  with  cantllsvei  beams  for  both  the  elastic  and  plastic 
ranges.  Ulus  it  is  believed  that  one  can  extrapolate  with  confidence  the 
result?  obtained  here  to  ''fuU.-scale"  models.. 
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Plastic  Beapcnse  of  Shells 
Rotuid-by-Bound  Test  Results 


Trial 

Test  Condition 

&9losive 

Explosive 

Keaarks 

So. 

Charge 

Charge 

Mei^t  (lb.) 

Location 

1 

Suspended  in  air 

1/8 

Center 

2 

ft 

1/8 

ff 

5 

H 

3/l6 

If 

It 

ft 

3/16 

ff 

5 

ft 

1/4 

ff 

6 

ff 

3/8 

ff 

7 

ft 

1/2 

M 

3"  tear  at  access  hole 

8 

ft 

3/4 

If 

Both  cap  welds  failed 

1 

ft 

1/8 

20"  below 

Center 

2 

ft 

3/16 

If 

3 

ff 

1/4 

Center 

4 

ff 

1/4 

20"  below 

Center 

5 

ft 

3/8 

ff 

6 

If 

1/2 

If 

7 

ft 

3/4 

ff 

e 

ff 

1 

ff 

Palled  at  weld 

1 

ff 

1/8 

Center 

Bewelded  Shell 

2 

ff 

ff 

ft 

3 

fl 

If 

If 

4 

ff 

1/2 

If 

N 

3/4 

ff 

6 

If 

1 

If 

16"  long  seas  opened  in  top  cap 

7 

ff 

1 

1-1/2 

Weld  repaired  -  Top  cap  separated 
at  weld 

8 

•f 

ff 

Weld  repaired  -  Top  cap  failed  at 
veld 

1 

Half -Buried  in 

3/4 

Center 

Both  c^  blown  off  at  welds 

Eartli 

2 

ff 

3/4 

fl 

Bewelded  inside  and  outside 
and  access  hole  reinforced. 

3 

ff 

1 

ff 

3"  long  crack  in  cap  se^sent. 

4 

tt 

1-1/2 

ff 

Crack  repaired. 

5 

f} 

2 

Slight  bulging  at,  aldpoint  of 

aliell. 

6 

ff 

3 

ff 

Increased  bulging  at  aidpoint 
of  shell. 
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PlAstlc  Besponae  of  Siella 
Bound'by-Rouad  Test  Besults 


Trial 

Test  CondltloQ 

Explosive 

Explosive 

Benarks 

Ho. 

Charge 

Charge 

Helfi^t  (lb.) 

location 

1 

Suspended  In  air 

1/8 

Center 

2 

ft 

1/8 

M 

3 

m 

3/16 

• 

k 

m 

5fx6 

N 

5 

M 

1/4 

M 

6 

rt 

3/8 

It 

7 

fi 

1/2 

II 

y  tear  at  access  bole 

8 

m 

3/4 

N 

Both  cap  velds  failed 

1 

•f 

1/8 

20"  belov 

Center 

2 

tf 

3/16 

11 

3 

M 

1/4 

Center 

4 

•1 

lA 

20”  below 

Center 

5 

II 

3/8 

If 

6 

m 

1/2 

If 

7 

m 

3/4 

If 

8 

m 

1 

ft 

Tailed  at  weld 

1 

o 

tt 

If 

1/8 

Center 

If 

Rewelded  Shell 

d 

5 

«v 

N 

R 

j 

k 

w 

1/2 

tf 

✓ 

»3 

3A 

ff 

18”  long  sean  opened  in  top 

6 

If 

i 

If 

7 

H 

1 

i-i/2 

W 

Weld  repaired  >  Top  cap  separated 
at  veld 

8 

n 

II 

Weld  repaired  -  Top  ca^  failed  at 
veld 

1 

Half 'Burled  in 

3/V 

Center 

Both  caps  blown  off  at  welds 

Barth 

3/4 

2 

If 

ff 

Bevelded  inside  and  outside 
and  access  hole  reinforced. 

3 

ft 

1 

II 

y  long  crack  in  cap  se^ent. 

4 

fl 

1-1/2 

If 

Crack  repaired. 

5 

N 

2 

II 

Slii^t  bulging  at  aidpoint  of 
Aell. 

6 

n 

3 

II 

Increased  biilging  at  aidpoint 

of  shell. 
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atell  Trial 
No. 


Plastic  Respooae  of  ffliclls  (Ccmt'a.) 
Rouna-by-Bouad  Test  Results 


Reaarks 


2 


3 


Test  C<uidltlcm 


Sxploslve  Explosive 
(Aarge  Cbarga 
Weight  (lb. )  Location 


7 

n 

5 

8 

n 

3.^3 

9 

n 

3.8b 

1 

Balf-EWbedded  in 
Concrete 

1/8 

2 

It 

1/k 

3 

Iff 

1/^ 

k 

It 

3/8 

5 

H 

3/8 

6 

H 

1/2 

7 

W 

1/2 

8 

m 

3/b 

9 

m 

3/b 

10 

w 

1 

11 

» 

1 

12 

n 

1-1/2 

13 

n 

2 

1 

Half-Burled  in 

3 

Barth 

2 

n 

4.94 

3 

n 

6.44 

4 

n 

9.66 

5 

m 

U.63 

6 

m 

14.94 

7 

M 

25.75 

Zncxei^ed  bulging  at  oldpolnt 
of  obeli. 

*  T'.-j  saall  vertical  cracks  In 

weld  at  Juncture  of  iQqper  cap 
and  cylindrical  tiectlon. 

"  Ten  vertical  cracks  around  shell 
at  Juncture  of  upper  ci^  and 
cylindrical  section.  Reinforce- 
aent  ring  partially  tom  froa 
access  bole.  Increased  bulging  of 
shell. 

Center 

n 

4 

n 

m 

t* 

n 


"  Three  1-1/2"  lung  cracKs  at 

access  hole. 

"  Sliell  failed  at  weld  at  junctxa^ 

of  lower  cap  with  cyi.  section. 
Upper  porti(»  jf  shell  ms  blown 
about  200*  into  air.  Concrrte 
cracked  cn  all  sides. 

Colter 

« 

P 

n 

ti 

« 

R 


Shell  failed  by  tearing 
initiated  at  access  hole 


AFinDn  B 

Strain  Goes  Oats 


Round'by-fiound  Str&ln  Gage  Data 
5'Ft.  Capped  Cylinder  Suspeztded  in  Air 


Round  So ,  173 
Caarge  Wei^t  -  5/I6  lb. 
Charge  location  •  Center 


Round  So.  179 
Charjp  Wei^t  -  1/4  lb. 
Charge  Location  -  Center 


Gage  Peak  Strain 

Gage  Peak  Strain 

So. 

X  106 

No. 

X  10® 

1 

_* 

1 

2 

- 

2 

3 

1400 

» 

1400 

4 

1900 

4 

. 

5 

1500 

5 

1500 

6 

900 

6 

1050 

7 

2100 

7 

1600 

e 

750 

8 

1750 

9 

1300 

9 

1700 

10 

820 

10 

i  ViO 

u 

1800 

u 

150:; 

12 

3900 

12 

. 

13 

1900 

15 

1300 

14 

• 

14 

. 

15 

1100 

15 

105c 

l€ 

900 

16 

150c 

Round  So. 

180 

Round  Bo. 

181 

Charge  Vel^t 

-  1/4  lb. 

Charge  Weight 

-  1/2  lb. 

Charge  Location  -  Center 

Charge  Location  -  Center 

Gage  Peak  Strain 

So .  X  10^ 

Gage  Peak  Strain 

Bo.  z  10® 

1 

1 

2 

- 

C. 

3 

- 

3 

4 

- 

4 

5 

1000 

1400 

6 

700 

6 

1100 

7 

1200 

7 

1500 

8 

600 

8 

920 

9 

2200 

9 

2000 

10 

800 

10 

TOO 

11 

1700 

11 

1800 

12 

- 

12 

. 

13 

1200 

13 

20u0 

14 

- 

14 

15 

1600 

15 

1600 

16 

660 

16 

2000 

*Oashee  in  theee  tables  indicate  that  calibration  step  or  trace  was 
nrt  lapressed  on  the  record. 
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Round-by-Bound  Strain  Gage  Q&ta,  (Cont'i.) 


Bound  Ho.  182 
Charge  Vfelght  -  3/h  ]b. 
Charge  Location  -  Getter 


Bound  Ho.  I87 
Charge  Weight  -  1/8  lb. 
Charge  Location  20"  below  Center 


Gage 

No. 

PetUt  Straii 
X  10® 

1 

2 

5 

4 

5 

1800 

6 

1200 

7 

aico 

g 

_ 

9 

2.300 

10 

1200 

11 

2300 

12 

. 

15 

2000 

14 

« 

15 

2900 

16 

1200 

Cage  PeaJt  Strain 

No.  X  10® 


1 

2 


3 

71C 

k 

5O0 

9 

310 

6 

7 

90c 

8 

400 

9 

• 

10 

550 

U 

12 

970 

13 

1100 

14 

6ao 

15 

600 

16 

700 

Bound  No.  I68 
Charge  Weight  -  5/16  lb. 

Charge  Location  -  20”  below  Center 

Cage  Peak  Strain 

No.  x  1!? 


1 

- 

1 

2 

- 

2 

5 

t 

840 

3 

1200 

4 

1400 

' 

720 

/* 

1000 

5 

1400 

0 

- 

6 

7 

120c; 

7 

1400 

P 

800 

8 

1000 

9 

1300 

9 

20CX) 

iC 

700 

10 

930 

11 

1200 

11 

I5CC 

12 

900 

12 

IdOO 

13 

1300 

15 

1400 

Xh 

900 

14 

15 

900 

15 

•Snij 

16 

1200 

16 

I'OOO 

Bounu  No.  189 
Charge  Weight  -  1/h  lb. 
Charge  Location  -  Center 

Peak  Strain 

X  1'0“ 


Gage 

So. 


Bouod-by.Round  Strain  Gage  Data  (Coat'd.) 


Round  No.  I90 
Charge  Weigjit  -  l/k  lb. 
Charge  Location>20"  below  Gfeater 


Gage 

No. 

Peak  Stndn 

X  10° 

2 

3 

700 

— 

720 

c 

1300 

6 

7 

980 

g 

810 

9 

1400 

10 

870 

U 

1300 

12 

1900 

15 

1100 

14 

880 

15 

810 

16 

690 

Bound  Ho.  191 
Charge  -  3/6  lb. 

Charge  Location-20”  below  Center 


Gage 

No. 

Peak  Strain 

X  106 

1 

2 

* 

5 

800 

4 

. 

5 

1100 

6 

. 

7 

1800 

8 

970 

9 

1200 

10 

700 

11 

1300 

12 

160c 

15 

1300 

14 

950 

15 

700 

16 

870 

Bound  Ho.  194 
Charge  Weight  -  1  10. 

Charge  Location-20"  below  Cfenter 


Boond  Ho.  220 
Charge  Wei^t  -  1/8  lb. 
Charge  Location  -  Center 


Gage 

Ho. 


1 

2 

5 

5 

6 
7 
6 
9 

10 

11 

12 

15 

14 

15 

16 


Peak  S 


Lh  Strain 
X  10® 


3400 

5500 

2200 

2000 


Gage 

Bo. 


1 

510 

2 

250 

5 

490 

4 

400 

5 

. 

6 

580 

7 

. 

8 

480 

9 

1300 

10 

b90 

U 

• 

12 

550 

13 

1000 

14 

400 

15 

420 

16 

4c0 
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Eound-by-Kound  Strain  Gags  Data  (Cont*d.) 
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t 


Bound-bj -Round  Stwda  Gage  Date  (Cont’d.) 


Round  No.  225 
Charge  Weight  -  l.o8  lb. 
Charge  Location  -  Center 


Gage  Peak  Strain 

X  10^ 


1 

2 

660 

3 

590 

4 

750 

r, 

y 

1500 

6 

750 

7 

5^ 

9 

180C 

1C 

680 

1 ' 

12 

S80 

13 

2100 

14 

« 

1 " 

1300 

16 

1200 

Hound  No. 

227 

Charge  Weight 

-  1-1/2  lb 

Charge  Location  -  Center 

Cage  Peak  Strain 

So.  X  10° 

1 

2 

580 

5 

seo 

4 

t; 

y 

6 

- 

< 

p 

1500 

9 

10 

11 

^30 

12 

1500 

13 

• 

14 

15 

• 

16 

Hound  No.  226 
Charge  Wei^t  -  l.o6  lb. 
Charge  Locatioi  -  Center 


Gage  l^ak  Strain 

Rp-  X  10^ 


1 

2 

5 

4 

5 

6 

7 

8 
9 

10 

u 

12 

13 

14 

15 

16 


750 

l6oo 


sao 

IJJOO 

830 

850 

1700 

SSc 
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Bouiid>by*Hound  Stnlu  Cage  Sava 
5>Pt.  Ci^ped  Cylinder  Bartlally  Ubedded  in  Coocxetc 


Bound  Eo. 

207 

Bound  Bo. 

208 

Bound  Bd. 

209 

Cbari^  Wei£d>t 

-  0.12  lb. 

Charge  Veigjbt 

-  0.25  lb. 

Charge  Height 

-  0.25  lb. 

Charge  location  >  Center 

Charge  location  -  Csiter 

dmrgp  location  •  Center 

Gage  Peak  Steain 

■o.  X  IC^ 

Gage  Peak  Strain 

Ho.  X 

Gage  Peak  Stealn 

Ho.  X  10® 

9 

630 

9 

900 

9 

800 

10 

k30 

10 

570 

10 

920 

11 

1300 

U 

2300 

U 

2k00 

13 

IkOO 

13 

i£co 

13 

* 

Ik 

k80 

Ik 

630 

Ik 

620 

15 

1300 

15 

800 

15 

5kO 

Bound  Ho. 

210 

Round  Ho. 

2U 

Bound  Bo. 

212 

Charge  Hei^t 

-  0.37  lb. 

Charge  Veif^t 

-  0.37  lb. 

Charge  Weight 

-0.52  lb. 

Chax^  Location  «  Center 

Charge  location  -  Center 

Charge  Location  •  C«iter 

Gage  Peak  Strain 

Ho.  X  10° 

Ge^  Peak  Sixain 

Ho.  X  10° 

Gage  Peak  Stndn 

Bo.  X  10® 

1 

1 

1900 

1 

3k00 

9 

5k0 

9 

650 

9 

600 

10 

1000 

10 

800 

10 

600 

11 

2700 

m 

u 

2900 

U 

2200 

Ik 

Ik 

HOC 

Ik 

15 

750 

15 

1300 

15 

Ikoo 

Bcnind  Ho. 

21k 

Bound  Ho. 

216 

Charge  Weight 

-  0.79  lb. 

Charge  Wei^t 

-  1.07  lb. 

CEtaxge  Location  -  Center 

Ctmrse  Lomion  -  Ceiter 

Gage  Peak  Stealn 

■0.  X  1^ 

Ga^  Peak  Stnin 

Hb.  X  10^ 

9 

800 

9 

830 

10 

1200 

10 

1100 

11 

2100 

11 

1000 

Ik 

1700 

Ik 

1200 

15 

1200 

15 

1700 
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I)1S3R1BUII(»  Liar 


Bo.  of 

CtojPlgg  OrgsalMtlop 

20  CoMHuacler 

Defense  Docawntatlon  Center 
Am:  TOCB 
CwKxoc  station 
Alexandria,  Virginia  2231k 

1  Chief,  Qefinee  Atoalc  Support 
Agracy 

Ana:  Doeuaeot  Llbnry  Branch 
Washington,  D.  C.  20^ 

1  CoHikaciiing  General 

Bead^uarters  Field  Coanaad 
Defense  Atoaie  Support  Agency 
Ana:  VCTC>S 
Sandla  Base 

Allniqoergae,  Bew  Mexico  87115 

1  Assistant  Secce^ry  of  Defense 
(Btt) 

Am:  Director/Atoaie,  BiC 
Warfare 
!Zbe  Bmtagon 
Washington  25,  D.  C. 

1  CoMHoding  General 

U.  S.  Angr  Materiel  CoeBand 
Am:  AMCBS^BF-B 
wuningtOT,  D.  C.  2oiL^ 

1  CoBManding  Otaenl 

U.  8.  Any  Materiel  CaaaMod 
A3SB:  A}G!iD>DI 
Washington,  D.  C.  20515 

1  Cr— nnfl  trig  Officer 
Franlcford  Arsenal 
AOSS:  Lihraxy  Braiudi,  0270 
Bldg.  40 

ghtladelphla,  Pem^lvania  19157 

5  CoMMBdisg  OTfieer 
Fieatinnjr  Arsenal 
AXSB;  Waltma  Benarch  and 

&«ineerlsg  Laboratories 
Dover,  Bev  ^rsey  07801 


Bo.  of 

Copies  Organitatioa 

1  todstooe  Scientific  InfOxBatton 
Center 

(7.  S.  Any  Missile  COMWnd 
Am:  C.  T.  £U^r8 

Chief,  Docuasat  Section 
itodstooe  Arsenal,  Aiabam  5^09 

1  CoHMuading  Officer 
Watertown  Arsenal 
Am:  technical  Znfozaatlon 
SecUon 

Watertown,  Nassaehu^tts  02172 

1  Co— aurliug  General 

U.  S.  Any  Nobility  Cana nd 
Wamn,  Michigan  48090 

1  Coaiaandiag  Oenenl 

U.  S.  Any  ChoKioal  Corps 
Besearch  A  Develop— nt  Cow— nd 
Washingtoa  25,  D.  C. 

2  Co— ending  Officer 

U.  S.  Az«y  Cheadcal  Warfare 
lahontories 
Am:  Librarian 

teehniatl  Lihmy, 

Bldg.  550 

hogevood  Arsenal,  Maxyianc  2iu<»0 
1  Dinctor 

Watcrwaja  Experiasnt  Station 
0.  S.  Coxfs  of  Engijaeers 
ASE9:  B.  F.  Fortsni,  3t. 
VlcksbiBg,  Kississii^ 

1  Co— nding  Officer 

U.  S.  Any  tesem-dh  Offi<% 

(tearh— ) 

Box  Ihda  Status 
Dmh— ,  Borth  Carolina  27706 

2  Assistant  Chief  of  S'-aff ,  G-2 
technical  Brancdi 

Depart— nt  of  the  Any 
l^bingtcm  25,  D.  C. 
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Mo.  of 
Ccaiiog 

3 


1 


1 


I 


I 


5 


•  msasmmm  Lm 

Mo.  of 

OrmtiMtlm  Coplao  Qc»ai»tloa 


Chief,  &ueeu  of  Boval  t»aoj^aas 
nLI-3 

of  the  Mi^ 

Vftuhtngton,  D.  C.  20^ 

Chief,  Burwra  of  SiMps 
Cofie  1900 

SejertaeQt  of  the  Meejr 
Ueehlt«toa,  D.  C.  ^^60 

Chief,  Bureeu  of  Terds  It  Ooehs 
Sesertaeut  of  the  Mavy 
Uashitigtoo,  0.  C.  ^3<>0 

Chief  of  Baval  Opezetions 
Oepertaent  of  the  Havy 
Uaahii^tOD,  0.  C.  203^ 

Chief  IMnml  Beeeeroh 
Departaent  of  the  liny 
Waahiagton  29,  0.  C. 

Cflaasailer 

U.  S.  Maval  Qzdaaaee  laboratoiy 
AUSSi  Lihzmzy  {k  cya) 

Or.  Walter  R.  Viae,  Jr. 
White  Oak 

Silver  Sgrtag  19,  Maryiaod 
Comanrter 

U.  S.  Havml  Ordaaoce  Teat  Statioo 
TechDioal  Llhrazy 
E.  A.  ZeitliQ 
(Code  49A19} 

China  lake,  California  93957 
Library 

U.  S.  Sa.jl  Poatgradnate  School 
6TSS:  Tachnloa.l  Reporta  Seotioo 
Monterey,  California 


4  Ittxeator 

0.  S.  aavnl  Searardr  lahoratoxy 
Waabington,  0.  C. 

2  Coaaaader 

O.  S.  nnml  WMpcnu  Laboratory 
AHM:  Tedtttieal  Lihca^ 

Or.  ViUiaai  Q.  Segtr 
Oablgren,  Virginia  ^44S 

20  Coanaaliog  Offloer 

Off ioe  of  Maval  fieaearch 

Box  39,  Bavy  100 

nOf  Mev  fork.  Mew  7oa'k 

2  AiVL  (3KRS,  Tech  Info  &  Intell  Ofe; 
itiftjaad  Air  Porce  Mat 
Sew  }>fe9cico  87117 

13  ASD  (ASAHtO) 

Wri^t«fattersoa  Air  ftoj*oe  Oaae 
Ohio  45433 

1  APEP  (Uhrasy) 

Vri^t^Batteraon  Air  Morce  Taoe 
CBiio  45433 

1  Oizeotor,  Project  RAMD 
AKB:  Libr-^  / 

Departaeot  of  the  Air  Poree 

1700  Main  Street 

Santa  Norica,  California  904o6 

1  U.  S.  Geol^eal  Survey 
Oenver  Msderal  Center 
ASSS:  UtcnriaQ 
Oliver,  toloraiio 

1  U.  S.  Geological  Survey 
Am:  Stai^  Oeol^tat 

P.  0.  Box  k072 
Alhuquergue,  Sew  Mexio? 


38 


DXSIBlBUnOlf 


Bo.  of 

Ckyplea  Organlzatioo 

2  U.  S.  Geological  Survey 
General  Services  Adaiuistration 

Building 

ATTN:  Librarian,  Rooa  1033 
Chief,  Ra^ohydrology 
Section  WR  Division 
Rooa  223^ 

Washington  2^,  D.  C. 

1  U.  S.  Geological  Survey 

Geocheaiatry  anti  Pet'^lo^  Br^nc:. 
Naval  Gun  Factory,  Building  ..-13 
Washington  23,  D.  C. 

1  Director 

National  Aeron^tics  ana  Space 
AdiULntitration 
Lewis  Research  Center 
ATTN:  Librarian 
Cleveland  Airport 
Cleveland,  Ohio 

1  Batitsial  Acade^  of  !^lez»:es 
The  tsBCr.  nooaittee 
AITH;  Technical  Director 
2101  Constltutiun  Avenue,  N.  W. 
Washington  23,  D.  C. 

1  &ueau  of  Mines 
Region  1 
F.  0.  Box 
Albany,  Oregon 

3  Director 

Sational  Bureau  of  St<ui!«rds 
U.  S.  Deparu'ieat  of 
liT02;  Rodiation  Fhysics  Lt.toratory 
Llbrajy 

CoordirA*^  of  Atoaic  £&.» 
Projects 

Ihr.  Krtq^nie,  Bldg.  1C6 
Dr.  C.  MuehlMuee 
Vuahlaftsm  23,  D.  C. 


Bo.  of 

Copies  Organlzatt<»s 

2  Assistant  Chief,  Division  of 
Radiological  Health 
U.  S.  Public  Health  Service 
Rooa  ym,  Scttth  ftiilding 
4th  at»i  C  Streets,  S.  W. 
Washingt(»i  23,  D.  C. 

1  U.  S.  patent  Office 
Scientific  Library 
Washington  25,  D.  C. 

1  The  Maritiaa  Adoinistratlr^ 

U.  S.  Departoent  of  Ccooerce 
New  GAO  Building 
Washington  23,  D.  C. 

<«  U.  S.  Atooic  Energy  ConBisslon 
ATTN:  Technical  Library 
Washington  23,  D.  C. 

1  U.  S.  AtcaUc  Energy  ConBisslon 
Arsy  Reactors 

Division  of  Reactor  Developoent 
Washington  23,  D.  C. 

X  U.  S.  Atooic  Eiiergy  Cooeisslon 
Civilian  Reactors 
Division  of  Reactor  Developoent 
AnS:  Mr.  A.  Giaonusso 
Washington  23,  D.  C. 

1  U.  S.  Atooic  Energ,  Condsaion 
Maritiae  Reactors  Branch 
Division  of  Reactor  Dewlopaest 
Wasbix^ton  23,  D.  C. 

2  U.  S.  Atooie  Energy  Coooissiofi 
Naval  Reactors  Bram^ 

Division  of  Reactor  Develoia^&t 
ATTN:  Mr.  T.  Rockwell 

Mr.  R.  S.  SrodsJcy 
Washington  2f,  D.  C. 
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DISSSUBUTZCm  LXS; 


No.  of 
Copleo 


5  U.  S.  AtoMlc  Eosrgy  Ccnstaslon 
ReseorOh  ond  OevoiopHuit  Brtmeh 
Division  of  Reoetor  OeveioiaBiat 
Mr.  S.  A.  Ssavievies 
t^shlngtop  23,  D.  C. 


1  U.  S.  Atoaic  Estrgsr  CooBissita 
C&aocs  Park  Ar«*  Office 
AS?^:  Hr.  C.  W.  Bieiierds 
P.  0.  Box  391 
Cenctfs  Park,  C^sliforaia 


1  U.  5.  Atcaic  Energy  Comissicm 
Ckicago  Operations  Office 
A3TN:  Mr.  0.  M.  Gardiner 
9800  Soutb  Cass  Avenue 
Argonne,  Illinois 

U.  S.  Atonic  Energy  Coonission 
Grand  Junction  Operations  Office 
A^fCH:  Director,  Informtion 
Division 

Grand  Junction,  Colorado 

2  U.  S.  Atoaie  Energy  CoHsission 
Idaho  Operations  Office 
A1T9:  Mr.  G.  E.  Devore 

Mr.  D.  Will  tans 
P.  0.  Bck  210d 
Idaho  Phils,  Idaho 

2  U.  S.  Atoolc  Energy  Ccenission 
New  York  Opsrations  Office 
ATTH:  DocuBtent  Custodian 
376  Hudson  Street 
liev  York  14,  Nev  York 


1  U.  E.  AtODlc  Energy  CoMBlsslcni 
Hartford  Area  Office 
P.  0.  Box  UOS 
Middletown,  Cozmsctleut 

1  U.  S.  Atoaie  Energy  C<»iisslo& 
New  Brunswick  Area  Office 
?.  0.  Box  150 
;(ev  Brunswick,  New  Jersey 

1  U.  S.  Atoade  Energy  Coaaissl^ 
Division  of  Coegliaoce 
Washington  2$,  D.  C. 

1  U.  S.  AtOBlc  Energy  CosBiseios 
Division  of  Coapllanee,  Begion  17 
AXTS:  John  V.  Flora 
P.  0.  Box  13266 
Denver  13,  Colorado 

1  U.  S.  AtOBic  Energy  CooBission 
Chief,  patent  Branch 
1717  H  Street,  B.  W. 

Washington  23,  D.  C. 


1  U.  S.  Atcoic  Energy  CoRBicsion 
Oak  Ridge  Operations  Office 
P.  0.  Box  E 
Sak  Ridgb.-  Tennessee 


1  U.  S.  Atoaie  Energy  Coaseissicm 
(^eago  Patent  Grot^ 

P.  0.  Bca  ^ 

Daeont,  Illinois 


j.  U.  S.  Atoaie  Energy  CoBBlssion 
^n  Francisco  Op>-rations  Office 
ATTH:  Lcm  Col.  John  B.  Radcliffe 
2m  Boacr«^t 
Berkeley  a,  California 

1  U.  8.  Atoaie  ftiergy  Ceaaiasiao 
Cbl(»|p  Operations  Office 
ATIS;  Mr.  0.  M.  Gardiner 
9d00  South  Cass  Avenue 
Argonne,  XUicois 


10  U.  S.  Atosdo  Energy  Caaadsslon 
inference  Bramdi 

Diviaion  Technical  Infoxaation 
Extension 
P.  0.  Box  62 

Oak  Ridge,  Tennessee 

1  U.  S.  Atoaie  Energy  Coaalssl^ 
Division  oT  Construction  A  Supply 
Washington  23,  D.  c. 
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7  U.  S.  /toAlc  Eaergy  Cr—lnslon 

Division  of  licensing  end  Reguletlon 
AITTN:  Nr.  Edson  G.  Cese 

Mr.  Joseph  J.  DiSunoo 
Washington  23,  D.  C. 

1  U.  3.  Atoaic  Energy  CooBlsslon 
Hazards  Evaluation  &raneh 
Division  of  Licensing  &  Regulation 
Waahliyton  23,  D.  C. 

3  U.  S,  Atonic  Energy  CoaiBisslon 
Advisory  CooBlttee  oi  Reactor 

Safeguards 

AOTH:  Mr.  R.  F.  Fraley 
Washington  23,  D.  C. 

2  Argonae  Rational  Lahoratory 
ATEH:  Dr.  R.  C.  VOgel 
9700  S.  Cass  Aventie 
Argcnine,  Illinois 

6  Brookhaven  National  Laboratory 
AXTR:  Research  Library  (4  oys) 

Dr.  Herbert  J.  C.  Souts 
Mr.  A.  W.  Castlejaan 
Upton,  Long  Island,  New  Tork 

4  uulversity  of  California 
Lawrence  Radiation  Laboratory 
Technical  Infoiaatlon  Division 
P.  0.  Box  d08 

Llveiaore,  California 

3  Los  Alaaos  Scientific  Laboratory 
ATIN:  Reports  Librarian  (4  cys) 

!lr.  David  R.  Ball 
F.  0.  Box  l£63 

Los  Altaos,  Sew  Mexico  37^44 

6  Ridge  National  Laboratory 
P.  0.  Box  F 
Oak  Ridge,  Xetmessee 


3  Oak  Ridge  Saticnial  Laboratory 
iCTI:  Dr.  W.  X.  S^een 
Dr.  F.  A.  Gifford 
Mr.  WlUiaa  B.  Cottrell 
Nr.  Frank  Btok 
Dr.  F.  C.  Malenschein 
P.  0.  Bene  Z 
Oak  Rid^,  Tso^ssee 

1  Oak  Rid^  Institute  of  Nuclear 
Studies 

ATOI:  Library 
P.  0.  Box  117 
Oak  Ridge,  Tennessee 

1  Sandia  Corporation 
Sandia  Base 
AlTSB;  Ubrary 
P.  0.  Box  3800 

Albucjuerque,  Sew  Mexico  37113 

1  Jet  Propulsion  Laboratory 
vQOO  Oak  Grove  Drive 
msadena  3,  California 

1  ACF  Industries,  Inc. 

308  Senae^  Street,  N.  W. 
Washington,  D.  C. 

2  AeroJet>Oeneral  Corporation 
tLpSSi  LlbrarlaB 

I.  N.  Hlggiss 

Ihxierwater  Engine  Dlv. 
6532  North  Irwladalft  Smd 
Azusa,  California 

1  AeroJet>General  Kuzleonics 
Barbara  Aarcm 
^10-i5-8&3 
P.  0.  Box  78 
San  r.aacm,  California 

1  AeriHaautics,  Inc. 

139  North  Hill  Avenue 
Pasadena,  Califorria 
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2  Mrospooe  Carp 

iUeSH:  Waary,  Xoehtilotl 
Doonwota  droop 
F.  0.  Bok  95085 
U>s  Afig«2ss  45,  Califomta 

1  Airenft  AzMWBta,  lae. 

ACT:  Hr.  W.  S.  Baker 
P.  0.  Bok  J26 
Coetagrevilla,  Morjlaai 

1  Alao  Produets,  Zae. 

P.  0.  Bok  424 
Sdaeaeetadjr  5*  Sew  Toa^ 

1  Allied  ChiMdeal  &  Dye  Corp 

AT:]^:  Moaopar,  Ceotrol  tattneerlait 
MorriatoHn,  Bev  Jeroejr 

1  AUlad  ChaaleaJ  A  I!(ye  Cotp 
Gtoeral  CheBiaal  Oivlalae 
ASXB:  Mr.  K.  B.  Oobon 
Vmcmgar,  ZnSaetrlal  Onelogeoat 
40  Hector  Street 
Sew  York  6,  Sew  fork 

1  AlUa  Cbelaers  Heisifeetoariag  Co. 
Sueleer  Power  Bkpartaest 
Bck  512 

MUwenkee  1,  Wiecooeta 

1  Aaerl.oa&  WeoMne  4  Fowadry  Co. 
Oeoerel  Kaglaeeilin  loboretariea 
%]alear  Iteboretoey 
U  Braes  Plees 
Greetwldi,  Caoasotlout 

1  AasrlcoQ  Steodard 
Atoele  Bnergy  Btrieiae 


1  AtOBLe  Power  Bemlopieat  AHOeistse 
2000  Sscnad  Aegoaie 
Detroit-.  sS,  Mi«dit«K& 

6  AtmLs*  Z&tenwtjUael 
ifflOl:  l^trerp  (4  qre) 

Mr.  A.  A.  Jecxvtt 
P.  0.  Box  509 
Oonoge  Perk*  (^lifoacaie 

1  AVCO  (^ejoretian 

FMieeerek  A  AAeoaeed  SevelopHot 
SiTieiaD 

A3IB:  AsalsteBt  Cbiait  MssfilaBi 
Meckealas  SeetiOB 
20CL  LoMell  Street 
vUalagim,  Mossadittaetta 

4  rebwwsk  £S!$  uucoie  Ckapaior 
aSSS:  lafooMtios  Serrioe 
l2Ca  lDii«er  StrMt 
Icro^turc,  Virgliila 

2  BatteUe  Mwailal  Xostitute 
505  SLxic  Aiesue 
(^luMbas  1,  C&io 

1  BeryUioB  Cocporetiao 
P.  0.  Bcbc  1462 
Beediagf  Penstylveate 

1  Bostag  Alrplene  Co.^  Plant  £Z 
^■erawuto  Air  Materiel  Are* 

Seettla  ih,  WudaSagtca 

1  ISroait  BezyUioe  OMgasjr 
4501  Psrkias  Atreaoe 
ClevelazA  5>  <Mo 


P.  0.  Bgoe  1057 
IfcKsitaia  Vioirf  CeliPoroia 

I  Artlair  0.  Little^  lae. 

AXES:  Uteexy 
15  Aaora  IMrk 

CMfnidgt  40,  Meeeeolmeette 


2  Coebmifla  SagyiMarias,  Baa. 
BmS/mr  dvlaieB 
AaSS:  SoaamA  Caofeidiaa 
vmdMr,  CoeaseUAst 
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1  (XmkSi  -  Son  3:1080 
Ubraxlaa 
P.  0.  Box 

Son  dcgo  12,  California 

1  Cnrtlsa-Uri^lxt  Corp 
Beaeaxtdi  OlvlalOD 
XBSSt  ASC  OODtraet  Dowent 
Cuatodiaa 

Buolear  POwer  Bepartamt 
P.  0.  Box  102 
Quehaoaa,  Bemiaylvanla 

I  Bov  CBeatoal  Coapany 
Roclqr  Plats  Plant 
LlOnulan 
P.  0.  BOX  2131 
Denver,  Colorado 

4  B.  I.  du  iteit  de  SeaBours  &  Co. 
Savannah  Biver  laboratory 
Tecbbical  InforaatlOB  Service  >  ?73B 
Allen,  South  Carolina 

1  E.  I.  du  Pont  de  Beooorz  Si  Co. 
Biqplosives  OapertaaBt 
XBSB:  DocuEsnt  Coruodiaa 
AtoadLc  Enorg/  BlvisioD 
wilalngtwi  ?6,  Delaware 

1  PTankUn  Institute  laboratories 
Benjwin  Kranklln  Parkvay  at 

20th  Street 

Philadelphia  3,  Panuylvania 

2  General  BpnaBies  Corporatlcm 
General  Atoalo  Ittvisiao 
ASSS:  Docaaent  Custodian 

P.  0.  Box  S,  Old  San  lOege  Station 
San  Diego  10,  Califorata 

2  General  Electrie  Company 
O^partaent 
Cineinaati  13,  Ohio 


1  Gearal  Eleetrle  Ceapaay 
ValltdLtos  Ataxic  Idhcnatory 
P.  0.  Box 

^MsantCBi,  California 

2  G«aaral  Sleetxle  Ccavosgr 
Aircraft  BbelMr  PrcpalsiaD 
Despartannt 

Beseardi  InforaatloQ  Qni't. 
CindnaKti  13,  Ohio 

6  General  Eleetric  Coaapai^ 

P.  0.  BiK  100 
Richland,  Vt^iingtcm 

2  General  Sleetrle  Omsmif 

l6»Xls  Atoade  poucr  LabosrwXaey 
£SI8i  Docoaent  Librarian 
P.  0.  Box  1072 
Schenectady,  Ssv  Yorh 

1  General  Electric  (kmgmxtg^ 

Atoxic  Powr  SgolBKest  Oepertaeu 

P.  0.  Box  1131 

San  JOse,  CaUfOKnia 

1  G«iecal  Ih^netering  Cori 

ASCS;  AI  (3a-l)-l‘‘^> 

P.  0.  Box  2A5 
Duoadin,  Plorida 

1  (Utdis  and  Cox,  Hw. 

21  Mast  Street 
Sent  York  6,  Bav  York 

1  Goodyear  Atoxle  (h»BaaratiOB 
Mhzaxy,  B^.  X-710 
P.  0  Box  6^ 

Portsaouth,  Ohio 

1  Bercules  Bovder  Company 

AYS9.*  Btaagcr,  Pi^ytieal  CSb«2loa 
Idvisim 

Bet^ard!:  Department 
Uilaiigtoc,  Delavare 
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1  BcOaes  «od  Haxver,  los. 

628  South  Figueroa  Street 
los  Aiigeles  17,  CaUfOr&lo 

1  Bu^s  Alrersft  Cemsse^ 
xmfi  Gunter,  g/S  TSi  1^ 

Ssrsteu  Oeveldfiaeitt  laboratories 
Culver  Citar,  California 

1  Tntnmiinleer 

7  Sortb  Brentuood  Boulevard 
Clajrton  5,  Missouri 

1  Ksaan  Buolear 

Llbrariaa 

Bivisiosi  of  Karan  Aircraft  Corp. 
Colorado  Sprii^s,  Colorado  80907 

1  Liberty  Mutual  I&suraooe 
A33ir:  Or.  C.  B.  WiUiaas 
175  Berkeley  Street 
Boston  17,  Msssaebxisetts 

1  loekteed  Aircraft  Cozporatloa 
I'^’ckheed  Missiles  &  Spooe  OirisiOD 
Faio  Alto,  C>Uifornia 

2  Lockheed  Aircraft  Coiporatioo 
Marietta,  Georgia 

1  Mslllnrkrodt  Cheadcal  Works 
Uraoira  Oirlalati 
A2SB:  Techatcal  Library 
F.  0.  Sfflc  472 
St.  Charles,  Missouri 

1  Qie  MarUa  Coapany 

ASIH:  ASC  Oocnmrt  Library  (217} 
Baltiaore,  Maryland  21203 

1  Monsanto  Chesdcal  Coc^M^Oy 
Mound  ladborstory 
P.  0.  Bos  32 
MisadAurg,  (Mdo 


1  HstiaQal  JHetmmn  & 
CoBporatioc 

Briignxsrt  Brass  liivisioc 
30  Grand  Street 
Sridgtport  2,  (krawetisut 

1  Hatlanal  Xdstillsrs  A 
CoeporatiaD 

Brldgaport  Brass  Mvii^aQ 
Msbt  21st  street 
F.  0.  BoK  388 
Ashtabula,  Ohio 

1  Hstignal  Lead  CosQaqy  of  C&io 
ASd:  Beports  Library 
F.  0.  Bok  158 
Mount  Bealthy  station 
Cineinnsti  39,  caiio 

1  Batloml  Lead  Cosspany,  Tnft. 
Baw  Materials  Oevelopnest  Lal^ 
Bolton  Street 
Vln^iester,  Massachusetts 

1  Harthitrn  Bescerch  & 
Corporation 
MsTagsT  of  Friffi  nrisrl  in 
238  Main  Street 
Caahridge  38,  Massa^^msetts 

1  BucOeer  Metals,  Inc. 

P.  0.  Box  222 
Concord,  Masrachasetts 

10  Fhtnips  Fetroleqa  Co^pa^ 

AZmi  Mr.  Qlran  0.  Wri^ 

Hr,  Marren  B.  8g9T 
Mr.  FkarSc  S^noedir 
Mr.  f .  B.  taiscQ 
l<»Tary  -  ®ss 
F.  0.  bar  1^ 

Idaho  Falls, 
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1  fwsr  Saaetor  IJevcloSMot  CSo. 

AZmi:  ftwtBt  Custodtaa  - 
MSI  (ll.l}Jk76 
JIdU  FIxst  St3«et 
Qetztilt  26,  tM<^g»w 

3  £r«tt  ft  ^OxLtafiy  Aireraft  atvisiaa 
(teaaetiatt  CpentiBas  »  n*«q 
MSCSi  XAtrair; 

P.  0.  Bax  611 
Middletoun,  Coimectleut 

1  Raao  ifooMrtdett  CorpozwttoQ 
d^33  faSJSitook  Avesae 
C«DQS&  Park,  CallforaU 

1  ^ace  ftKamology  laborvtGaries,  Zoc. 
P.  0.  Bqk  1085 

!«•  Aoealea  45,  CaUfornl* 

2  ^paoe  ge<dmoIogy  laboratarles,  Zoc. 
AXIS:  Cr.  0.  B. 

Mr.  S.  M.  ZlTl 
Oaa  Spaoe  Park 
Bedonto  Beaeb,  Oeilfcmia 

1  Bjrlvaaia  Electric  Products,  Xac. 
AtoBic  Sserar  DirUlaB 
AXIS:  Be^ports  Custodliui 
P.  0.  Bok  ^ 

Bagrside,  Itew  lark 

1  TeetmleaX  Beaeareb  Cbroop 
A2SV:  library 
2  Aerial  tAgr 

Brosaet,  Long  Islaait,  Xn^ 

Teaaessae  Valley  Authority 
ASSX:  Mr.  WiliiaK  S.  Baas,  Jr. 
Aaaietaat  Blractoii  of 
Pwer  Sii^ply 
Cbsttanooga,  Xeaceasee 


Bo.  of 

Ctegtea  CaiBka1tati«i 

1  Sie  ToKmlsra  Inmvemiuia  Co. 
^EXS:  Assistent  Ofrect«s.> 

Sqaartwot  of  Besear&> 
7(X>  Mala  Street 
Hartford  I3,  CaoaectlAit 

2  ^dop  Carbide  Boalear 
OBGQP  BMorda  B^partwrt 
P.  0.  Bos  F 
Oak  Bidgi,  \^>iBeeaae 

1  ’■'aiOB  Carbide  fticleer  Ckmgpsa^- 
X.12  SecbBlcal  Xlhrary,  Bids. 

971U1 
P.  0.  Bok  X 
Oak  Bidge,  Xeaccsaae 

5  Oolao  Carbide  Burl  ear 

X>10  laboxabcffy  Beonda  Oe^partx 

P.  0.  3«  Z 

Oak  Bidge,  X^aaesaee 

1  Oatap  Carbide  ^yrleer  Ccasas^ 
^XS;  liinry 
P.  0.  Bok  1223 
Padocak,  Euxtucky 

2  Ottltad  Bnolear  Oosgoratioa 

mnaiae 

MSnSi  Bacards  MBaagaaeit 
Boesaaest  (ktstodlaa 
Hr.  C.  Orasea 
S  Bair  Street 
^te  Plalas,  Saw  Xork 

i  Vitro  Bogiaanrir^  HIyisoq 
8^arf.eal  Bty^Bbs  SaetlOEts 
MSS:  Wtlliaa  S.  BoHa^ 

100  dairek  Street 
Xctk,  3Sew  Xork 
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^  ^stiailniM  Sloetrlc  3orp 
Atome  I'OMer  OeportBBnt 
ifflS:  Mr.  B.  8ebaf«r  • 

CoBtraet  Af  (30-3)-222 
1.  0.  Bok  355 

Pittaburi^  30,  Feaaqrlvwaia 

4  Westlai^Aoiioe  Bloetrlo  Cotp 
Bettis  Atoole  Bower  I<aboratary 
P.  0.  Boat  1468 
Pltt^ur^  30,  Peoaaylvaals 

1  Tanktee  Atoslc  Bleetrio  Co 
AXES:  SOO  Contract  OoeuEcixt 
Custodlftii 
F.  0.  Bok  3<i6 
Boston  l6,  Massadiusetts 

1  Aurora  CoUege 
Aurora  ,  lUlnols 

1  Carnegie  Institute  of  Tedmologjr 
AXIS:  Business  lansger  -  682 
Bepartaent  Rqrsics 
Pittsburg  13,  Penn^lTaaia 


1  Bsrwrd  Qnirersltgr 

AS5B:  Bs«i  of  Sogiaoeriag  anil 
AsftUod  FJosics 
CasbrlAge,  ffasssii^Hiostto 

1  BsrvarA  CBiv«r^^ 

Sebool  of  Ptiblio  Baoltb 
A3SI:  Dr.  iMlie  SUseman 
55  Sfaattuek  Street 
BMton  15,  Msssactoisetts 

2  Xom  State  College 

P.  0.  Bok  14A,  Station  A 
Aaes,  Xoua 

2  nz  Bessarab  Instltate 
AaXS:  Xtr.  Z.  A.  Zsker 
Or.  M.  A.  Salaon 
10  W.  35tb  Street 
Chicago,  Illinois  60^l6 

1  Xbe  Johns  Bopkins  Unirersl^ 

AXIS:  Professor  Jaaes  F.  Bell 
OepartBBQo  of  Jle^aai«l  Engineering 
Belttnore,  Itaryland 


1  Cornell  Unlversitar 
iOBI:  Or.  JObn  P.  Bowe 
Ithaca,  Bew  Tors 

1  Osnrer  Besearcn  Institute 
UniTarsltgr  of  Beaver 
Beaver  10,  Coloredo 

1  Orexel  Institute  of  ZeWmnlngy 
ASra:  OMn,  (Mllege  of  Engineering 
Philadelphia  4,  Pennsgrlvenia 

1  Bute  Universitir 

B^artasat  of  Rgrsies 
ASSS;  Sr.  H.  W.  Bewson 
Durhaa,  Bortb  CaroUaa 


1  Sbs  Jolau  Bopkixu  Unlversitgr 
Oepartanat  of  Sanitaxy  and  skater 
Besoarees 

AZSS:  Or.  John  C.  Oeyer 
Balttaore  iB,  Muylaad 

1  Massatiaisetts  Instituts  of  Ze^aaology 
Ospartaeat  of  KidMr  Seginecriag 
AZSB:  Br.  IhsM  J.  Ttos^tss. 
Casrtaldge  39f  Kaasadatsstts 

1  Bew  Tork  Oslirerai^ 

AEC  ^agntUig  A  implied 
Matheaatias  Comer 
25  Mnerly  Plaee 
Bew  York  3,  Bew  York 
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1  PeomylTsaia  State  tteivsrsit; 
Bepartanot  of  H^sies 
OniversiV  Park,  Peaz^lvania 


Dismauifiui  uEsr 


So.  of 

Orwalatlco 


So.  of 

Coglee  Orttmlaatlot. 


1  Prlncetoo  tJaiveni^ 

CepartgKnt  of  Fharslcs 
Princeton,  Sew  Jkrsey 

2  Beneseleer  PQl4rte(^inlc  Institute 
AnS:  Ooeiaiatt  (^istodlan 
trcor.  Sew  Torit 


1  Oblvezsl^  of  MezTlaM 

Oepartaent  eif  Cinicel  Baglneei’ijag 
ABB:  Br.  Mck  tlattvf 

Ttattmmar  of  Ihisl^kr 
fi>SlneeriBS 
College  Ptek,  Nezylea^ 


1  South  Dakote  School  of  Kiaes 
sad  Teelmology 
ACTf:  Library 
Rapid  Cllgr,  Sooth  QaJcota 

5  Stanford  Research  Ihetltute 
Poulter  Lahoratozy 
Kenlo  Bart;,  California 

1  StewHis  Inetltote  of  Technology 
Oepartaient  of  Physics 
Bohoksn,  Sew  Jersey 

J  OhlTersity  of  California 
Radlatlaa  laboratory 
ZafoxaatlQa  QItIsIoo 
Rocn  128,  Bldg.  50 
Berteley,  California 

2  Dhlwersity  of  California 
Zhstltute  of  Engineering 

Research 

ATIB;  Prof.  H.  A.  JObnsco 
Dr.  7.  B.  Schroek 
Berteley  k,  CallforoU 

1  IMTersily  of  awali 
Bonolulu  Ih,  ^walx 

1  Ohlirerslty  of  miaois 
Departaent  of  Qteoretical 
and  Applied  Mechanles 
A55B:  Profeesor  W.  J.  Worley 
Talbot  lab^ratcny 
th^oia,  T3.Z  y 
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